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(54) Coating composition for optical fiber 

(57) In the coating composition tor a optical f foer of 
the present invention, a polyurethane ( methlacrvtate ofi- 
qomer (AV which is base d on a urethana prepolymer 
Jgvino an eouiyaleiTtiBtio clJ^CQjgoupjnLa pqMsqcy- 
anate (a) to OH group in a DdvoUb) of more than 3.0. is 
used and the oligomer (A) has a mixing weight ratio o f 
an oligomer (d) having a number average molecular 
weight of 800 a less to an oligomer (e) having a number 
average molecular weight of 1 ,000 or more of 30/70 - 
70/30. 

The coaling composition of this invention has a low 
viscosity, and therefore, is suitable for a rapid fiber- 
drawing in a production of an optical fiber. Further, a 
cured material obtained from the coating composition of 
the present invention has both a high elastic modulus 
and a high elongation, which properties are required for 
a hard materia), and has a sfight change of elastic mod- 
ulus with a change of temperature to improve a long- 
term reliability of an optical fber. 
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Description 

TECHNICAL HELD OF THE INVENTION 

s The presertmwmtion relates to ^ 

because of fls tow visoosftyard has bom a hi^ 
modulus even at a high temperatura 

PRIOR ART 

10 

A flbss fiber, which can be used as an optical fber. is very fragile and fe easfly damaged Additionally, its optical 
transmission loss increase because of suffering from pollution. Therefore, in order to protect and reinforce rt, immedi- 
ately after it being drawn, it is primarily coated wrm a polyurethane ultraviolet curable resin (here- 
inafter, referred to as a UV resin) havir^ a 1^ 
is secondarily coated with an ultraviolet curate resi^ 

tiarily coated with a colored material in order to distinguish the optical fiber from each other. A coated single fiber is 
called a fiber elemental strand including the tertiary coating. Furthermore, an artide. which is obtained by bundfing sev- 
eral f^ elemental strands and n«Wng mem i^ 

UVresintsaJsousedasaburxfing material. Moreover an artide irclucfir^aplurantycrfthetapecore-strar^ are used 

20 as an optical cable. m . 

An optical ftoer wired into a home 
f ibrer elemental strands thickly coated with a UV resin having a high elastic modulus and so on. 

Commonly desired properties of a UV resin used for a hard material include a low viscosity, an ability to provide a 
cured material with a high elasticity, a high elongation, a slight dependency on temperature in the elastic modulus, an 
25 excellent long-term refiabflity and the like. 

Especially, recently, when increasing a speed of drawing a glass fiber from a molten base material in order to 
improve a productivity of an optical fber. in the subsequent step of coating with a UV resin having a high viscosity an 
applied layer occasionally becomes blurred in thickness and/or the optical fber partially fails to be coated. Conse- 
quently some strain and deterioration will generate in the optical fiber to cause a light transmission losa Generally, a 
so coating composition for an optical fber can be obtained by reacting about 2 equivalent of isocyanate and 1 equivalent 
of polyd to produce a urethane prepolymer, then reacting the prepolymer with a hydroxy! group-containing (meth)acryl 
monomer to form a polyurethane (melh)acrytate. and then blending the reaction mixture with an ethylenicaDy unsatu- 
rated compound as a reactive dButertt. as disclosed in JP A 63-275619 (Pat No. 2525177). However, according to that 
process, the amount of ingredient with a high molecular weight wffl increase because of a side-reaction during a ure- 
as thane prepotymerizatfon to rr^ 

tive ditutent will be used for the sake of lowering the viscosity. However, in this case a coating composition with a high 
elastic modulus can be obtained, but at the same time the elongation is decreased. 

Although a slot-type f beroptic cade, which includes a plurality of 4- or Wtoer ribbons, is used at present, recently 
some attempts have been made to increase the number of the tape core strand for accomplishing development of 12- 
40 or 1 6-f foer ribbons for the purpose of core-multiplication and heightening density. 

Because of these circumstances, trials to change the thickness of tape coating from 0.40 mm (this is the present 
standard) to 0.30 mm in view of improving core-strand arrangement, homogenizing a coat structure , fining and lighten- 
ing cables have been made. Thinning cables, however, causes a deterioration of mechanical properties and lateral 
pressure properties (a transmission loss by a lateral pressure), as well as a deterioration of a function to protect from 
45 the outsida There has been a proposed method tor increasing the elastic modulus of the bundling material as much as 
possible in order to avoid deterioration in properties. However, when increasing the elastic modulus, the elongation will 
be lowered to cause an increase of transmission toss. Hence, it has been difficult to obtain a bundling material fully sat- 
isfying these properties. 

50 SUMMARY OF THE INVENTION 

An object of the present invention is to provide a coating composition for an optical fber which has 2.5 or less of a 
storing change in strage modulus between 25°C and 60*0. and therefore, the coating cmposition can be lowered in vis- 
cosity and has excellent quick applying properties without losing its high elastic m^ 
55 1200 MPa) and/or rts hi^ elongation (30 % or more). 

The present inventors have made extensive studies for dissolving the above problems. As a result they found mat 
a coating composition for an optical fber. which has a high elastic modulus, a high elongation and a slight change in 
elastic modulus with a change in temperatur and which is capable of lowering a viscosity and which has excellent 
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quk* applying properties, can be obtained by using a potyurethane (methjacrytate based on a urethane preporymer 
obtained by a reaction of a pofyo) and higtty excessive poryisocyanate. 
Accordingly, the present invention provides 

(1) a coating composition for en optica) ftoer comprises: 

(A) a poryuretnane (methjaoytete oligomer which is obtainable by subjecting (a) ajedyjsoqranata, (b) a polyol 
and (c) a (meth)acry1ate monomer containing a hydroxyl grap to a urethanaton reaction; 

(B) an etnyteniceJry unsaturated compound; and 

(C) a ptotopolymerization initiator, wherein the urethanation reaction is conducted under conditions that an 
equivalent ratio ot NCO group in (a) to OH group in (b) is rnorethan3Aa^thataratiootarenia^ eo^ 
alent ol NCO grcap caJcutated by sUStracting the equivalent o» OH group in (b) from the equivalent of NCO 
group in (a) to an equivalent ot OH group in (c) is wifltin a range of 0.9 -1.1: 

(2) the crating conposition for an optical foer as described in the above (1). wherein, in (A), a proportion of a total 
amount of (d) a component with a number average molecular weight of 800 or less and (e) a component WI ^ 1 * 
number average molecular weight of 1 .000 or more to the total amount of (A) is 30% by weight a more and a weight 
ratio of (d) to (e) is 30/70 - 70/30; .^.^^,^ fn 

(3) toe coating corrv>sition for an cpticd fiber as described in the abwe(1).wher« 

X (5j Se co^SSon for an optical f bar as described in the above (1). wherein, in (A), a proportion of a total 
amount of (d) and (e) to the total amount of (A) is 40% by weight or more 

DETAILED DESCRIPTION OF THE INVENTION 

Polyisocyanate (a) used in the present invention may be. for example, an aromatic pdytsocyanate. an aromatic 
aliphatic polyisocyanate an aDcycfic pdyisocyanate, an aliphatic pcrfyisocyanate. and the '** fi 
Examples of the aromatic polyisocyanate include dfeocyanales such as mphenylene (Jsocya/wrte. p^e^ene 
cfiisocyanale, 4,4'-diphenyt dfeocyanate. 1 .^naphthalene diisocyanate. 4,4'<fipr^rneti^e dSsoc^nata 2.4- or 2.6- 
to^Scyanato. 4.4'-tolucine diisocyanate, 4.4'oipheny. ether dBsocyanate and the Ita; and po^ocy^tes 
<u* as triphenylmethanewt. 4\4Nriwcyanate. 1.3.5-triisocyanatebenzene. 2.4.6-Wsocyanatetoluene. M-dptw* 
methane-2 2* 5 5Melraisocyanate ( and the lika 

Examples of the aromatic aliphatic polyisocyanate include dirsocyanates such as 1 ** 1 ,4-xylytene ctiisocyanate 
or a mixture thereof. 1 .3- or 1 ,4-bis(1 4sw^anate-1-methylethyf)benzene or mixtures thereof, and the like; and pofyiso- 
cvanates such as l,3,5-triisocyanatemethy(benzene, and the like 

Examples of the aDcycf ic polyisocyanate include diisocyanates such as 1.3-cyctopentene dSsocyanate. 
cycfohexane dSsocyanate. 1.3-cydohexane diisocyanate. 3-tea*anateniethyl-3A^^ 

feophorone diisocyanate). 4.4'-metriylenebis{cyclohexyl isocyanate). methyl-2.4oycfohexane cffisocyanate methyl- 
Scy^aneXcyanate. 1 .3- or 1 ,44xs Osocyanatemethyl) cydohexane and the like; «^soq^su* 
as 135-triisocyanatecydohexane. l.3.Strimethylisocyar«tecyclohexane. 2-(3-isaq«r^epropyl)-2.5o1CKJcy^e- 

anZxopyl)-2.Mi CsocyanatemetrryO-bk7C*K2.2.1)heptane. 5^2-60cyariateethyn-2-^^ 
isocylnatepropyfH^^-l)"^. M2HSOcyanmeethy1>2*oc^^^W 
doffi* 1)heptane. 5K2-isocyanate«1hy1>2-iso^ «H2-fflocy- 
anateetoyO-2-isocyanatemethyW^^ f ^ mt _. ana 
Examples of the aliphatic polyisocyanate indude diisocyanates such as tnmethylene d.socyanate. tetremeti^ene 
dSsocyanate, hexamethytene diisocyanate pentamethylene dBsocyanate 1 ^-propylene d«oq»ar^1.2-but^e 
disocyanZ 2.3-butylene diisocyanate 1.3*utylene diisocyanate. 2.4.4- or 2.2.4^ethylhe^ethylene dirsocy- 
anate. 2.6^»ccyanatemethyfcaproate. and the Eke; and polyisocyanates such as lysine ^er^socyanate 1 .4.8-tn- 
tocyaiwteoctane, 1.6.1 1-tjfisccyanateundecane. 1 .Wusocyanate^socyanatenietfiytc^e, 1.3.6- 
trosocyanatehaxane 2,5.7-trta^ . tj . 

^Seover, derivatives from the above pdyisocyanates can be used. Exarrpies ol the - a 

trtmer. biuret allophanate. carbocimide. polymethylenepolyphenyl polyisocyanate preferred to as crudeMDI orpoly- 
nS MDO cJTtDI arxl an adduct of an isocyanate compound and a polyol with e low molecular weight, and the 

Among these polyisocyanates. dTsocyanates including, for example aromatic diisocyanates such as 2.4- or 2.6- 
totytene dfisocyanate. 4,4'^henylmethane dSsocyanate, and the Gke; aromatic ^P^^^f^^ 
1.4-xytylene dSsocyanate and the like; aDcycfic dTsocyanates such as isophorone diisocyanate. 1.3- a l.<Hxs{60cy 
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anatemethyOcyctohwane, and the Eke; afiphafc diisocyanates such as hexamcthylene cfisocyanate. and the Gke: and 
mixtures thereof are usually used. 

Potyol (b) may be poJyete with a number average molecular we^ of stout 200 00.000 eu* as potyBftwpo^tf. 
poryesterpdyol. porycaroonate pcfyol. uiethanatBd pofyol, and the 0®. Among them, pclyether pdyd, polycarbonate 

s Dotyol and urethanated polyol are preferably used The use ddlote is parfeularty preferred. 

Rrtyetherporyrt may be hcrncpotymers or copolymers of alkylene oxides including aOqrlene oxides arah as, tor 
example, ethylene oxide, propylene oxide, butylene oxide, tetrahydrofuran. Z^^mttjftn^.w6^ tike; 
hornopolymere or oopotyrners of fbe above alkylene owdes obtained by using, as an rnitiato^ 
hydroxystearyl alcohol, hydrogenated dimerdid. and the like; and addicts of the above alkylene oxides wrth bsphend 

to A or hydrogenated bisphenol A, and the Gke. These porvetherpolyols may be used alona or in corrtonabon cf f two or 
more Preferable polyetherpolyols include homoporymers or copolymers of Cj-s alkylene oxides, especially 
alkylene °»fes that is propylene oxide and tetranydroluran; and homoporymers or copolymers ol Cm alkylene oxides 

oto&irwd by using Ct^xi potyote as an initiator. 

Porvesterporyol may be. tor examrie adrJ^ 

,s uds of the did component and a polyvalent cartXHyCc acid and add-on reaction products ol three wmponimte includ- 
ing ^ dioi component, a dibasic acid and the lactone The dtol component may be C^o aSphabc dicte wrth a low 
molecular weight such as ethylene glycol, propylene glycol, diethytene glycol, dipropylene gtycd 1 4*utanedtol. 1.5- 
pentanediol. a^netryt-I.Sperrtanediol. 2.4^etiiyl-1.5^errtanediol. 1.6-hexane glycol, nrjopentyl gtyco^.&^rmne- 
dtol 1 10-decanedol. 12-hydroxystearyl alcohol, hydrogenated oTmerdiol and the like: and an alkylene oxxfeadductof 

» bisphenol A, The lactone may be. tor example, e-caprolactone. Svalerolactone, p-methy1-6^ernkctone and the 0®. 
The polyvalent carboxylic acid may be. tor example, aliphatic tfcartoxyfic acids such as suconrc aod. adipit ; acd, 
azelaicacid sebaric acid, dcdecanetfoic add and the like; and aromatic oTcarboxylic acids such as hrjxahydroprTthaDc 
acid. tetrahydrcphthaiic add. phthalic acid, rsorjhthalic add. terephthalic acid, and the like ^ . . 

PotycaAonatepotyol may be, for example, pdycarbonatediols which are obtainable by a reaction of ashort cham 

2S oalkylcarbonate and a component selected from aforementioned potyetherpotyolE. potyestenporyols ^^"^ 
nents such as 2-methytpropanediol. dipropylene glycol, 1.4*utanedicl. 1,6-hexanedid. 3^ethyl-1.&pertariediol. neo- 
pentyl glycol. 1,5-octanediol. 1 .4bisKhydraxymethyf)cyctohexanR and the like The short chain diallrylcarbonate may 
be alkytcarbonates such as, for example, cfimethytairbonate and dSethylecarbonata 

Inaddrtion poryesterrjols, which are addition products of the above porycartxx^epotyds and altyene oxjdr* ajch 

so as ethylene oxide, propylene oxide, butylene oxide and the like or lactones such as e-caprolactone. f>methvl*valerol- 

^B^^Tf^^m^aaMie pdycarbonate (Sol may be DESMOPHENE 2020E (marrufactured by Surri- 
tonro^yerCa STS. DN-982 anJoN^ (manufactured by JAPAN POLYURETHANE INDUSTRY CO.. 

a H necessary, polyols with a low molecular weight may be used. Examples of poryote wrth a low molecular weight 
include ethylene glycol, propylene glycol, tripropylene glycol, 1.3- or 1.+butanetfiol. necpentyl! glycol, ^exarwdtol 
1 9*onanediot. LKHJecanedW. higher fatty add polyols and higher hydrocarbon polyds such as castoroH. coconut 
oil, monomyristins (1-monomyristjn and 2-rnonomyristin). rrwnopalrrttins (1-monopalrrtitin and 2Hnonopalrrtrtin), jrono- 
stearins (imonostearin and 2-monostearin), monooleins (1-rnoncolein and 2-monoolein), 9,1C^rysteanc aod. 12- 

ao rrydroxyricindeyl alcohol. 12-hydroxystearyl alcohol. I.IS^exadecanedtol Quntoeric add I or m 

tnapdc add). 1 .21-henicosanediol (a reduction product ol Japanese acid), chmyl alcohol, batyl alcohol, setachyl alco- 
hol, dimeric acid d'd and the like. 

Urethanated polyols nay be urethanated polyols with a terminal hydroxy! group which b obtainable by reacting the 
ar^epolyisc^arates and the atx^ polyob in equivalemratioof NCO grcuptoOHgro^of 1.0or le^, Preferably 

« 02 - 0. Amore preferably 0.2 - 0.5. Besides the above pdyote. it necessary, silicon polyols. fluorine polyds. polyolef in 

^^^r^oup^^r^^ monomer (c) may be. tor example. 2-hydroxyethyt (metb)aorylate 2-b^ydrox- 

ypropy7(meth)acrytate 2-hydroxybutyl (meth)acrylate, 4-rrydroxybutyl (^)° Cf y tet f-^ ed j g _T*S3£g 
ylate. 2-hydroxy^-phenyIoxypropyl (melhjacrytate. 2-rrydroxyalk/(meth)acryloyl P^P^ 
so (metbjacrylate. cydohexanedimethanol rr»rK*mem)acrytate. necpentyl glycol mono(meth)acrylate tn ^°& ( ** n * 
cC(metb)aaylate. pentaerythrrtol m(meth)acry1ate. and the like. In addition, compounds which are obtamatte by an 
addition reaction of a glyddyt grourMJontairtirtg compound and a (meth)acryOc add, such as alkyl gryaJyt ether and gly- 
ddyl (meth)aaytete. may be used. The above hydroxy! groi*«ontaining (meth)acrylates may be used alone a in com- 

55 bi "1we?'h>S pjoupoontaining (methjacrytates are 2-trydroxyethyt (methjacrytate. 2-hydroxypropyl 

(methtecrylate, end the like. „ . . 

Potyurethane (methjaoylate oligomer (A) can be prepared by reacting L*^'^^^'^^- 
Although a manner of reacting the corrponents is not particularty restricted, it s the most suitable tor obtammg the oB- 
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gomer (A) having a low viscosity that poryd (b) and highly excessive potyisocyanate (a) are reacted to produce a ure- 
thane prepolymer almost without any side-reactions* and the thus obtained prepolymer is further reacted with a 
hydroxy! group-containing (meth)acrytate. In this case, a manutacturing process can be ampHied. because the o5- 
gomer (A) can be produced in a single reactor and a angle batch. 

In order to obtain a coating composition tor an optical fiber, having the following characteristics of a viscosity, a 
high elastic modulus, a high elongation and a slight change in elastic modulus with change in temperature, it is neces- 
sary to us* as the potyurethane (methjaoytate ofigomer (A), a poryurethane (meth)acrylate ofigomer which is obtained 
by reacting (a) a porvisocyanata (b) a porvoJ and (c) a (meth)acryiatB monomer under corxfrfons where^n^ouivalgTt 
ratio of NCtfgroujfirT(a) to OH group in (b) is more than 3.0. preferably &1 - 30. more preferably 3.5 • 28. and a ratio 
of a remaining equivalent of NCO groip calculated by subtracting tfie equivalent of OH group in (b) from the equivalent 
of NCO group in (a) to an equivalent of OH group in (c) is within a range of 0.9 - 1.1. preferably 0.95 - 1.0. A pcfy- 
urethane (meth)acrytate oligomer (A), in which a proportion of a total weight of (d) a component with a number average 
molecular weight of 800 or less and (e) a component with a number averag e molecular weight of 1.000 or more to the 
total weigM of (A) is 30% by weight or r^ / 
a range of 30/70 - 70/30, preferably 51/49 - 70/30. more preferably 51/49 - 65/35. are used. N** 

In adrJtion. an adduct (f) of a pofyisocyanate and a hytfaxyl groupcontaining (meth)acryi monomer, which being > 
one of (d) the component with a number average mdecular weight of 800 or less^exists in the poryurethane J^mth)acr- 
ylate oCganer (A) which is obtained by a reaction under conditions wnere an equivalent ratio of NCO in pofyisocyanate 
(a) to OH in polyd (b) is more than 3.0. The adduct (f) corresponds to a muft-turotional urethane gm^>«)mairung^eac' J 
tive dHutent By adjusting the equivalent ratio of NCO group in (a) to OH group in (b). ft is possible to adjust a content' 
onheiffluct (f). Wrn* the content of the addu^ x 
and the elastic modulus of a cured film will increase. The adduct (t). unlike multi functional reactive dStutents (mutti-func- \ 
tonal ethylenicalry unsaturated compounds) which are generally used, is a very useful compound which has a signrfi- ) 
cant effect to improve the elastic modulus and lower the viscosity of the oligomer without any loss of both elongation/ 
and balance of mechanical properties. 

~ In the case that the equivalent ratio of NCO group to OH group is 3.0 or less, the viscosity becomes too high and 
results in a deterioration of a rapid fiber<irawing applicability and a large change of elastic modulus with a change of 
temperature. When the equivalent ratio of NCO group to OH youp is more than 30, although towering the viscosity and 
increasing the elastic modulus are successfully accomplished, the elongation tends to lower. In adcfition, if the weight 
ratio of (d) to (e) is less than 30/70. a change of elastic modulus with a change of terrper^ 
ratio of (d) to (e) being more than 70/30. which makes it difficult to keep the balance between the elastic modulus and 
the elongation, is not preferable because the elongation remarkabry decreases although both lowering the viscosity and 
increasing the elastic modulus are successfully accomplished 

In the urethanation reaction, conventional urethanation catalysts such as tertiary amine catalysts, tin catalysts, lead 
catalysts and the like may be used. 

Example of the tertiary amine catalysts include compounds having at least one tertiary nitrogen atom in a molecu- 
lar. 

Examples of tertiary amine compounds having one tertiary nitrogen atom include triethylamjne, N.N-dimelhylcy- 
dohexylamine. N-methylmorpholine, N-ethytmorpholine. N-<24Tydroxye1rryt)nra^ N.NKlimethyl-p-toluicfine. p- 
(dimethylanriino)propbnitri!e. N-methytpyrroOdone. N.N<li(^dohorytmethylanm and the like. 

Examples of tertiary amine compounds having two nitrogen atoms include N.N.rsT.NHetramethytelhyienafiarnine. 
N,N,tf,tf-tetramethytp^^ N,N,N\NMetramethy1haxane-1 .examine, bisCN.N^methylarrDnoethyl) 

ether. bis(2«fimethytaminoethyl) ether, ethylene glycol bis(3^imethy0aminopropyl ether. hr^ohexyl-N.N^dimethyl- 
formarradine. N.Nr^imethytpiperazine. trimethytpiperazine, 1,2-pepericfinoethane. r^amincprcpyf) pcperazine, N- 
methyl^-(2-hydroxyethyl)pipera2ine. N-(N\r^Klimethylamnoethyf) morphofine. brs(morphoDnoethy1) ether. bis(2.6- 
dimethylrrorohofinoethyt) ether. U-cfimethyfonidazole, hknelhylimidazole, 1,4-diazine, <fiazabicydop2.2H)ctane 
(DABCO). 1.4Kfiazabicyctop.3.0]oct-4-ene. 1 ,S<fiazabicycloI4.3.0]norv^ene (DBN). 1 .8^iazabicyclr>l5.4.0Hjndec- 
7-ene (DBU). phendates thereof, octoates thereof, and the like. 

Examples of tertiary amine compounds having three nitrogen atoms include N.N.Nr.N\N w i)errlame1tr/kfietfrytene- 
triarnine, N ( N.r>T,N^rri>errtamethy^ tetramethylguankfine. Ncydohe^NWrr.rT-tel^ 

guanidine, N^e^r^2«fimelrry^ 1 ,5.7^azabicydol4.4.0Jdec-^ene and the Oka 

Examples of tertiary amine compounds having four nitrogen atoms include 1,1,4,7,10,10^examethy»trie1ty 
tramine. 1 t 3,5-tris(N,N^etr^ 

Examples of the tin catalysts include stannous octoate. dibutyttin diacetate, dibutyttin dlaurate. dfoutyttin mercap- 
tide, dibutyttin thiocarboxylate, dibutyttin dimaleate. cfioctyttin rnercaptide. doctyttin thiocarboxylate and the like. 

Examples of the lead catalysts include lead 2-ethythexanate and the fika 

Mercury catalyst such as. for example, phenytmercury propionate can also be used as the urethanation catalyst 
The amount of the urethanation catalyst to be used is 0.O01 - 1.0% by weight based on the weight of the poly- 
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urbane (rneth)acrytate oOgomer (A), preferably 0.005 - O.S% by weight more preferably 0.01 -0.2% by weight 

The ethylenically unsaturated compound, which furetiore 
which are liquid or sofid at room tenperature (about 15 - 30°C). The ethytenicaDy unsaturated compound includes 
mono-functional compounds, bi-functionaJ compounds and pory-funcfiona) compounds. 

Examples d the rnono-functonal compounds (rrorx>4unctiona) porymerizaMe d2utents) include heterocycfic ethyl- 
enicaDy unsaturated corrfxwnfe 

W-vmykaprolactam and the like, and heterocyclic (meth)acrylates incfuding rnorphoOne (rneth)acrytate, tetrahydrofurfu- 
ryl (meth)acrytate and the GkB; N^rtytecetamkJe; N-virTytfonrarrode; <fiacetone acrytamide; cfiaDcytamiroethyl 
(meth)acryiates such as olrrwthylarranoethyt (meth)acrytete. dSethytamnoethyl {meth)acryiate and the like; 
cfimethylacrytamjde; ataxy(pory)aIkylene glycol (meth)acrytates such as nwthoxyethyiene glycd (meth)acrytata, meth- 
oxyporyethylene glycol (rrteth)acrytate, butoxypolyeiriylenep^coJ (meth)aoytate and the Gke; afeylphenoxyethyl 
(metfi)acrylates such as nonytphenoxyethyl (methjacrytate; phencxy(rxry)alkylene glycol (meth)acrytates such as phe- 
noxyemyt (methjacrytete. phenoxypolyethylene gtycol (meth)acrylate and the like; cuny^end(pory)alkytw« 
(rneth)acrylate; aOcyl (meth)acrylates such as butyl (methjacrylate. 2«thY0texyl (meftjacrylate and the Gke; cydoaDcyi 
(meth)acrytates such as cydohexyl (meth)acrylate and the like; aralkyl (meth)acrytates such as benzyl (rneth)acrylate 
and the like; cross-Jinked aGcycfc hydrocarbon group<sntarting <£(meth)acryiates such as isobomyl (msth)acrytate. 
dfcydopertanediene (rneth)acrytate, ajcydopentenyi (methjacrylate, tricydodecanyl (meth)acrytate, dicydopenteny- 
loxyalkyl (methjacrytate, tricydodecanyloxyethyl (methjacrytale. isobornyloxyethyl (meth)acrytate and the like; hydroxyl 
group^orrtaining (meth)acrylates such as 2-hytf oxypropyl (meth)acrytate, 3<hloro-2-hydroxypropyt (meth)acrytate, 2- 
hydroxy^henoxypropyl (rneth)acrytate, 2Kmeth)aaytoytoxye1hy^ acid. 3^crytoykjxyglycenn 

(meth)acrylate. 2-hydroxybutyl (methjacrytate. 2-hydroxy-1-(meth)acrYt^^ pdypropyl- 
ene glycol mono(rneth)acry1ate, polyethylene glycol mono(meth)acryiate and the like; poly c^caprofactone 
rnono(meth)acrylate; gjybdyl (meth)acrytete; mono[2-(meth) acryioyloxyethyljaccid phosphate; halogemxxrtaining 
(meth)acrylates such as triftuoroethyl (methjacrylate. 2,2,3.3-tetratluoropropyl (methjacryiate. 2.2.3A4,4-hexafkior- 
obutyl (methjacrylate, pert luorooctylethyl (meth)acrytate and the like. 

Examples of the bi -functional compounds (bi-funetional polymerizable dilutent) include dJ(meth)acry1ates ot 2.2- 
olmethyi^iyoVoxypr^ such as. for example. "MANDA" manufactured by NIPPON 

KAYAKU CO.. LTD.; (polyoxyjalkylene glycol di(meth)acrylates such as ethylene glycol difrrathjacrytate, diethylene gly- 
col rfi(meth)acrylate, tetraethylene glycol di(meth)acrylate, polyethylene glycol di(meth)acrytete. propylene glycol 
di(meth)acrylate, polypropylene glycol di(meth)acrylate. 1,44xjtanediol di(rneth)acrylate, l.frhexane glycol 
rf](rneth)acrytate. neopentyl glycol c£(meth)acrylate, pentanecfiol di(meth)acrylate and the like; glycerin <fi(meth)acr- 
ylate; trimethytpropane d(rneth)acrylate; pentaerythritol di(meth)acrylate; di(meth)acrylates of adducts formed from 
btsphenol A and an alkylene oxide including ethylene oxide, propylene oxide, butytene oxide and the fike such as a 
di(meth)acrytete of 2,2-bis(2-hydraxyethoxypheny0propane and the like; cross-linked alicydic hydrocarbon group-con- 
taining di(meth)acrytates such as tricydodecane dimethanol cfi(meth)acrylatft dicyctopentadiene di(meth)acrylate and 
the like; acrylic acio%addrtion products of bi-functional epaxy resins such as an aotfticn-product of 2,2-bis(grycktyloxy- 
phenyl)'propane with (meth)acryfic acid and the like. 

Examples of the ^Junctional compounds (poly-functional polymerizable oHutents) include tnmethylolpropane 
tri(meth)acrylate. trimethvlotoropane trioxyefhyl (methtecrylate. pentaerythritpl tri(meth)acrytate. pentaerythritol 
tetra(meth)acryiate, rfipentaerythrrtol haxa(meth)acrylate, trts(acrytoxy)isocyanurate , a tri(meth)acrylate of tns(hydrox- 
yethyl)isocyanurate. a tri(rneth)acrylate of tri^^ tn^lyttrimelDticacid. triallyl isocyanurate and 

the like. 

These ethylenically unsaturated compounds can be used alone or in combination of two or more. The ethyienicaDy 
unsaturated compouncte can be chosen according to the manner of coating optical ftoers. For example, when being 
used tor primanTycoatiru^ heterocyclic (impounds such as 

N-viny*>yrroOdone, Mvinylcaprolactam and the Gke and a cross-6nked alicydic hydrocarbon p/oup-corrtaining acrytetes 
such as isobomyl acrylate, dicyctopentadiene acrytate. feobomyloxyethyl acrytate, trk^dode<anedimethanol diacrytate 
and the like are gen erally used. In addition to them, when forming a hard coating, bi-functkxwl cornp Qurxte fiurtLBS 
(poryaxy)alkylenB glycol di(me»)acrylate and a di(meth)acrylate of an adduct of bisphenol A with an alkylene oxide or 
poly-functional compounds such as t rimethylolpropane ^rnethlacr ylate. pentaerythritol tetra(meth)acrytete and the 
like are ateo generally usedjfnece^acy. 

The amourt of me ethyleracafly ureatur^ 
about 10 -100 parts by weight preferabry abort 20 -80 parts by weight rnorepreferaJWyabout30 - 70pamby weigrrt 
based on 100 parts by weight of the polyurethane (rnethjacrytate oligomer (A), according to the kinds of the poly- 
urethane (methjacrylate oligomer (A) and the ethylenically unsaturated compound (B). a viscosity required tor the coat- 
ing composition and desired properties of the cured material. 

Examples of the photopolymerization initiator (C) are ptotoporymerizatfcn initiators of acetophenone type, benzoin 
type, benzophenone type, thioxanthone type or the like, or acyferwsphine oxide type photopolymenzaticn initiators rep- 
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wherein R 1 represents an alkyl group containing 1 - 12 carbon atoms, an cydopenlyl group, a cydohexyl group, or a 
phenyl group or naphthyl group which may be substituted by an aftyl group containing 1-12 carbon atoms and/or a 
hak^en atom. R2 and R3 represents 

gen atom or an alkyt group having 1-12 carbai atoms, R 5 represents a hydrogen atOT 
sents1or2. 

Exanples of the acytphosphine oxkie type photopolymerization initiators include 2,4,6-trin^thytbenzoytc5phenyl. 
phosphine oxide such asl±£rinJED manufactured by BASF Co.. bis(2.6<toethoxybenzo^ 
phosphine oxide (BAPO). bis(2,4,6-trimethylberucy0m^^ oxide. tie^A* 

trimethyfbenzoy^ oxide such as Irgacure 819. manufactured by Oba Specialty Chemicals Co. 

bis(2.4.6-trimethytbe^ oxide, bis(2.4.6-trimethy!ben^ oxide and the Oka 

Exanples of the acetophenone type photopolymenzation initiators inctude dethoxyacetophenone, 2-hydroxy-2- 
methyt-1-phenytpropane-l^one such as Darocur 1 173 marijfactured by Ctoa Specialty Chemicals Co.. benzylc5mettTyl 
ketaJ such as Irgacure 651 manjfactured by Ciba Specialty Chemicals Co. Ucirin BDK manufactured by BASF Co. 
and the like. 14iyoYoxy cydohexyl phenyl ketone such as Irgacure 184 manufactured by Ciba Specialty Cecals Co. 
2-methyt-2-morpr^^ such as Irgacure 907 manufactured by Oba Speaarty 

Chemicals Co. 2*enzyK2<iimethyla^^ «jch as Irgacure 369 manufactured by 

Ciba Specialty Chemicals Co.. an oligomer of 2^oxy^-methyM-[4-<1-n^^ such as Esa- 

cure KIP manufactured by Lambert Spa. . 

Exanples of the benzoin ether type photopolymerization inrtetors mdude benzan, benzoin methyl ether, benzoin 
ethyl ether, benzoin isopropyi ether, benzoin isobutyl ether and the like. 

Exanples of the benzophenone type photopolymerization initiators include benzophenone, O4>eruoylmethylbefv 
zoate. 4^enytbenzophenone. 4^enzoyM'-methykfphe^ suBide, 2.4.6^trimethylbenzophenone. (4*enzoyibenzyl) 
trimethylammonium chloride and the Dke. . 

Exanples otthethioxanthonetypepbrt include 2- or 4HSopropylthioxanthone. 2,*diemyi- 

thioxanthone, 2.4<iichlorothioxanthone and the like. „ K - _ 

Besides them, methyl phenylgtyoxylates such as Vicure 55 manufactured by AKZO NOBEL Coatmgs K. K., 3,6- 
bis(2^morphol'inoisobu1yl)'9 -butylcarbazole such as A-Cure 3 manufactured by Asahi Denka Kbgyo K. K.. trtanocen 
pounds and the like can be used as the photopcrfymerization initiators. \ 
Further, these photopdymerization initiators can also be used in combination. Commercially available \ 
thereof include Irgacure 1 700 [the weight ratio of bis gjjjjn^ 

hvc^2^ethy tohenylprcpane-lHc me being 25(75 manufactured by Ciba Specialty cnemteals Cal Irgacure 1800 
rthT^rU^ to l-byo^oxycyctohexyl pheryl 

ketone being 2V75. manufactured by Ciba Specialty ChemicaJs Co.], Irgacure 1850 [the weight ratio of bsg.Wimtfh. 
oxybenzoy1)-2.4.4-trimethytpe^ oxide to 1 4iy*oxycydc*exyl phenyl ketone being 50/50. manufactured by J 

Ciba Specialty Chemicals. , . 

The amount of the photopdymerization initiators to be used can generally be selected wrthm a range of about 0.1 
10 parts by weight, preferably about 0.5 • 5 parts by weight per 100 parts by weight of the sum of the poryurethane 
(meth)acrylate oligomer (A) and the ethylertcally unsaturated compound (B). . . 

If necessary, various photopdymerization promoters such as cfialkyiamimfcenzotc aods or derivatives thereof sucn 
as 4<limethytarrtim)benzoic add, 4^methylaminobenzoates and the like, phosphine type photopolymerization promot- 
ers, that is phosphine conpounds including trialkytphosphines, arytphosphines including triphenyphosphine and the 
like can be incorporated to the coating conposrtion of the present inventioa The amount of these pcrymerization pro- 
moters to be incorporated can be selected, for example, within a range of about 0.01 - 10 parts by weight based on 100 
parts by weight of the sum of the poryurethane (meth)acrylate oligomer (A) inducing tertiary amine compounds and the 
ethylenicaDy unsaturated compound (B). 

Small amount of dab fljzgacag ateo be added to the coating composition of the present invention. As the sttdo- 
ers. hindered phenol type antioxidants, hindered amine type antioxidants, sulfur type antioxidants and the Cke can be 
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used. 

Examples of ttie hindered phenol type stabilizers include ccrnpounds having a hydroxyphenyl c/ocp substituted by 
a terVbutyl group such as 2.6KWert-butyIhydraxytolu8nB, 2.2Vrtelhylenebjs(4-me1hyl^^ 4.4'-butyfi- 
denebs{3^ethy^tert-buty1phend), triethytene gJycd^p^ert-buty^SHTiethyW^^ propanateL 1.6- 

5 hexanafioIbisPK3 > 5<lhtert-butyl pentaerythritol^etraWs^ 

phenyf) propionate), 2,4^"s(rKX>ryfthto>^4-*^^ 2£-thio-de^enebis(3- 
(3.5<&-tert-buty1 44iydroxy^eny1)propionatel octariecyW^,S<Wert-butyM4T>draxyph 2.?-thio- 
b^^methy^en^butyOphend. 4 ( 4'-thiob^3^ne1hy1^teft-butyl)phenoJ. N.r^examethytenebis{3.5^ 
hyrfroxy-hydrocinnamamide). 3,5-<frtert-butyM-hyrjn^ ester and the Gke. 

10 Examples of the hindered amine antioxidants include bis(2,2,6.64etrarrtethytp^ condensation \k> 

polymerized products of dimethyl succinate and H2-hydroxyethyi)-4-rry^^ and the Oka 

Examples of the sulfur type antioxidants include dHauryl 3,3-thiodiprcpianale, dimyristyl 3,3'^hiod^ropconate, (£s- 
tearyl 3,3'-thxx$propionate. perrteerythritol tetraJds(p4auryttrtopror^ cfitndecyl 3,3-thiopropionate, 2«mercapto- 
berurimidazole and the Ilka 

15 The amount of these antioxidants to be incorporated is not more than 2.0% by weight based on 100 parts by weight 
of the sum of the poryur ethane (meth)acrytate oligomer (A) and the ethyl enically unsaturated compound (B), more pref- 
erably 0.1 - 1.0% by weighi with taking a talarcetf thearrourtcrfty 
into consideration. 

Besides the above-mentioned components, the coating composition of the present invention may include various 
20 additives such as stabilizers including antioxidants other than the aforementioned ones, ultraviolet absorbents and the 
Ifee, plasticizers, organic solvents, sflane coupling agents, water-spatterable silane compounds, modified silicon oil , 
levelling agents, surface-active agents, coloring pigments, organic or inorganic fine particles and the like. ' ^ 

/ Die coating composition for an optical ffrer of the present invention has a tow viscosity of 1,000 - 5.000 cps/25°C,\ 
which is suitable for a quick application, without using a large amount of reactive dflutents. Further, a cured product has \ 
both a high elastic modulus and a high elongation required for a hard material, that is, the Yaung's modulus of 30 - 1 20 \ 
kg/mm2 and the elongation of 30% or more at 25°C. It also has a slight change of tensile storage modulus with a J 
change of temperature, that is a ratio of the elastic modulus at 25°C to that at 60°C, being 2.5 a less. Therefore, the J 
coating composition of the present invention is suitable tor producing an optical fiber with a sDght transmission loss, y 
The coating composition for optical ffcers of the present invention is suitable for a ultraviolet-curing type coating 
30 material for an optical fiber indirectly with making at least a primary coating (primary layer) exist among the coating 
composition and an optical fiber. Namely, the coating composition of the present invention can be used as a material 
tor coating fibrous elementary strands such as a secondary coating layer (secondary layer) or a tertiary coating layer 
(tertiary layer) of the optical ftoer according to the properties of a cured resin obtained therefrom such as the Ybung's 
modulus, the elastic modulus, the elongation and the lika It can also be used as a bundling material, which makes tape 
as core strands comprisi ng a plurality of f ber elemental strands into a tape, a coating material tor coating drop cab es, a 
waterproof coating for fbrous cables, a buffer fw seabed cables and the Oka Among them, it is especially useful as the 
bundling material and the coating material tor drop cables. 

An optical ftoer which is indirectly coated with a cured film of such a coating composition can be obtained by indi- 
rectly coating the optical ftoer with the aforementioned corrposition, and then curing the composition by a light irrarJa- 
40 tion, especially an ultraviolet irradiation. 

EXAMPLES 

The present invention will be further illustrated in detail by preparation examples, examples and comparative exam- 
45 pies, which do not limit the scope of the present invention. 

Preparation Example 1 (Synthesis of urethaneporyol) 

A mixed liquid of hexamethytene dflsocyanate (7 5.7Q) , polytetramethylene ether glycol having a number average 
so molecular weight of 2,000 (774.0g) and porvoavrxop ylene glycol having a number average molecular weight of 2,000 
(1,026g) was reacted f or 3 hours while controlling the temperature at 80 - 90°C in an atmosphere of nitro gen. 

After addition of stannous octoate (0.1 9g) as a reaction catalyst the mixture was further reacted for 4 hours. After 
confirming that the absorption due to an eocyanate group (NCO) was not detected by an infrared absorption spectrum 
(IR-spectrum). urethanepolyol 1 was obtained. A number average molecular weight of the urethaneporyol 1 was 4,168. 



Preparation Example 2 (Synthesis of urethaneporyol) 



to 



A mixed liquid of hexamethytene dnsocyanate (33.6g), polytetramethylene ether glycol having a number average 
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molecular weight of 3,000 (600.0g) an d potyoxypropylene glycd h aving a number a verage rrm leariar weight of 3.000 
(600.0g) was reacted for 3 hours whfle controOing the temperature at 80 - 90°C in an atmosphere of nitrogen. 

After ajtftiond stannous octoate^ 
cortfiriTtngthat the absorption due to NCO group was not detected by lr^^ urethaneporyol 2 was obtained. A 
number average molecular weight of the urethaneporyol 2 was 6.16a 



Example 1 



A mixed (quid of 2.<Moruene cfiisocYanateJ 5157q).^ot ytetrar^ ether ^lyogL having a number average 
molecular weight of 2.000 M22.9ol polvoxvpropylene qty ool having a number average molecular weight of 400 
(219.9g) and trioxypropytene glycol (1 6.2g) was reacted for 3 hours while controlling the temperature at 70 - 80°C in an 
atmosphere of nitrogen. After coding the reaction mixture to 40°C, the atmosphere in the reaction vassal was replaced 
with dried air and then ^yjggy^ «"ytetB (501.4o) and 2.6<^ert^hyo*Qxytduene (0.5g) as a pdymerizaton 
inhibitor were added. After raising the terTpexature gradual*. ^ 

After addition of l.8<fiazabicyciolS4.0h7-ur«Jec8ne (0.54g) as a reaction catalyst the mixture was further reacted for 
4 hours After conf irm^ 

tion spectrum (IR-spectrum). pdyurethane acrylate oligomer A-1 was obtained. The ofoomer A-1 was a mixture <4S3k 
by weight of a component having a nunfcer average rndecularwei^ 

a number average mdetijla r *eifltalnf m 4% by weight of a component having a number average molecular weight 
of 772 and 31% by weight ol a component having a number average molecular weight of 406,^ 

The thus obtained oligomer A-1 (67 parts by weight), isobornyl acrylate (19 parts by weight). N-vwrytpyrrdidone (9 
parte hy Wright), a diacrvtate of 2. 2Kfimethvl-34iy^^ P** 5 
cydcxiecanedimethand diacrylate (3partsby weight) and a photopdymerizatoi initiator. Irgacure 1700 manufactured 
by Oba Specialty Chemicals Co. (3 parts by weight) were compounded to obtain a coating composition 1. 



EXAMPLE 2 



According to the same manner as Example 1. 2,4-totuene diisocyanate (5 78.3g). porytetramethylene ether glycd 
having a number average mdecular weight of 3.000 (358.6g), polyoxypropyJene glycd having a number average 
molecular weight of 1000 (166.0g) eMJaox^prepy^^ were reacted. After adding 2^oxyetW acr- 

ylate (628.5g). 2.e<fi-tert^rTydroxytoluene (0.54g) as a polymerization inhibitor and 1,Wiazabicyck>[5.4.0}-7- 
undecene (0 54g) as a reaction catalyst to the thus obtained reaction mixture, the operations were conducted as the 
same manner as Example 1 to obtain polyurethane acrylate oligomer A-2. The digomer A-2 was a mixture of24%by_n> 
weigmdacxyTpc>nemhavingartti^ molecular weight of 3.580. 15%by weight of a component having a (£) 

number average mdecular weight of 1 .580. 16% by weight of a component having a number average molecular weight 
of 772 and 45% by weight of a component having a number average molecular weight o f 406. 

Thus obtained digomer A-2 (67 parts by wrigM).imbornv1 acrylate (20 parts by weight). N-vinytpyrrdktone (8 parts 
by weight),a rrydraxypws^^ (5 parts by weight), and a phqtoporymeruation initiator. 

IrgacweJJDJUr^^ (3 parts by weight) were compounded to obtain a coating 



composition 2. 



Example 3 



According to the same manner as Example 1. 2. 4-toluene diisocyanate (5 22.6g). porytetramethylene ether glycol 
having a number average mdecular weight of 3.000 (315.0g) and polyoxypropylene glycd having a number average 
rrolecular weight of 2.000 (390.0g) were reacted. . ~\ 

fatter adding 2-hydroxyethyl acrylate (638.9g), 2.Mi-tert-bu1yIrrydraxytduene (0.56g) as a polymeraaton inh&rtor ! 
/ and stannous octoate (O.OSg) as a tin type reaction catalyst to the thus obtained reaction mixture, the operators were 
conducted as the same mamer as Example 1 to obtain polyurethane acrylate digomer A-3. The oligomer A-3 was a 
1 mixtured20%byweigWotaaiTTponerthaw 
ponent having a number average mdecular weight of 2.580 and 53% by weight of a component having a nurrfcer aver- 



age mdecular weight d 406. . 

Thus obtained digomer A* (70 parts by weight), isobornyl acryl ate (20 parts by weight). Nwinyttorrnamrie(10 
parts by weight) and a photopdymerization initiator. Irgacure ^ TOO manufactured by Cfca Specialty Chemicals Co. (3 
parts by weight) were compounded to obtain a coating composition 3. 
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Example 4 

Acconfing to the same manner as Example 1. 2.4 jojuene d Tsocyanate (595. ig), poiytetramet hy lene ether glycol 
having a number average molecular weight of 3.000 (4272g), poryoxypropytene glycol having a number average 

s molecular weight oJ 1000 (I97.8g), trioxypr o pylene glycol (86.6g) and 12-bydraxystearyl abend (33.9g) were reacted 
After adding 2-hydraxyethyl acrylate (584.0g), 2,6KC-tert-butylh>rtrQxytoiuene (0.58g) as a polymerization inhfortor and 
1 ,&<fiazabicyclo(5.4.0}-7-undecene (0.58g) as a reaction catalyst to the thus obtained reaction mixture, the operations 
were conducted as the same manner as Example 1 to obtain polyurethane acrylate oligomer A-4. The oGgomer A-4 
was a mixture o f 27% by weight of axomoonent havj fm ? f nr TT* w average molecular weicftt of 3,580 , 16% by weight of 

io a component having a number average molecular weight of 1.580, 5% by weight of a component having a number aver- 
age molecular weight of 894, 18% by weight of a component having a number average molecular weight of 772 and 
34% by weight of a corrponWhaving a number average molecular weight 01406. 

Thus obtained oligomer A-4 (67 parts by weight), csobomyi acrylate (23 parts by weight). N-virtytpynoQdone (10 
parts by weight), and a photopoJymerization initiator, Irgacure 1700 manufactured by C*ba Specialty Chemicals Ca (3 

is parts by weight) were compounded to obtain a coating composition 4. 

Example 5 

According to the same manner as Example 1 . 2,4-totuene dnsocyanate (4 1 7.6g) and th e poryurethaneporyol having 
20 a number average molecular weight of 4,168 obfajnedin^moaratpn Example 1 (4 00.0g) wge reacted. After adding 2 : 
hydroxyethyiacxylatfi k (545.3g). 2,6^ert-butylhydroxytoiuene (0.54g) as a polymerization inhibitor and 1,8-diazabicy- 
do[5.4.0)-7-undecene (0.54g) as a reaction catalyst to the thus obtained reaction mixture, the operations were con- 
ducted as the same manner as Example 1 to obtain pofyurethane acrylate oligomer A-5. The oligomer A-5 was a 
mixture of 34% by weight of a component having a number average molecular weigrn a: 4!? 48 and 66% by weight of a 
2S component having a number average molecular weight of 406. 

Thus obtained oligomer A-5 (70 parts by weight). fepJxxoyUcrytate (20 parts by weight). N-vtrrvtovnoSdone (10 
parts by weight) and a photoporymerization initiator. Iroacure 1700 m anufactured by Ctoa Specialty Chemicals (3 parts 
by weight) were compounded to obtain a coating composition 5. 

30 Example 6 

According to the same manner as Example 1 , 2.4-toMene diisocyanate ( 400.7g). isophorone (fifeocyanate (66. 7g) 
and the urethanepoly ol having a number average molecular weight of 6.168 obtained in Preparation Example 2 
(61 6.8g) were reacted. 

35 After adding 2 -hydroxy ethyl acrylate (591 .6g). 2,6^-ted-butylhydmxytotuene (0.5g) as a polymerization inhibitor 
and stannous octoate (0.05g) to the thus obtained reaction mixture, the operations were conducted as the same man- 
ner as Example 1 to obtain polyurethane acrylate ofigomer A-6. The oligomer A-6 was a mixture o f 41% by weight of a 
component having a number average molecular weight Q t&748 and 59% by weight of a component having a number 
average molecular weight of 412. Thus obtained oligomer A-6 (65 parts by weight ), isobornyl acrylate (20 parts by 

40 weight). N-virtypyrrolidone (8 parts by weigrfy ^jftacrytate of 5-ethyl-2^2-rTydrcW-1 J<fim^ 

tftyfH ,3-dioxane (KAYARAD R^^m anufacturedbv NIPPON KAVAktTCO.. LTD.) (7 parts by weight) and a photooo- 
lymerizatton initiator. Irgacure 819 manufactured by Ccba Specialty Chemicals Ca (3 parts by weight) were 
compounded to obtain a coating composition 6. 

45 Comparative Example 1 

According to the same manner as Example 1 . 2,4-totuene diisocyanate (587.9g) and poiytetramethylene ether gly- 
col having a number average molecular weight of 3.000 (405. Og) were reacted. After adding 2 -hydroxy ethyl acrylate 
(766.7g), 2,6-oVtert-btrtylhydroxytoluene (0.53g) as a polymerization inhibitor and 1,8rfazabicydo[5.4.0}-7-undecene 

so (0.53g) as a reaction catalyst to the thus obtained reaction mixture, the operations were conducted as the same manner 
as Example 1 to obtain polyurethane acrylate oligomer A-7. The oligomer A-7 was a rrsxtire of 28% by weight of a com- 
ponent having a number average molecular weight of 3.580 and 72% by weight of a component having a number aver- 
age molecular weight of 406. 

Thus obtained oligomer A-7 (70 parts by weight), isobornyl acrylate (20 parts by weight), N-vinytpyrroDdone (10 

55 parts by weight) and a photoporymerization initiator. Irgacure 1700 manufactured by Cfoa Specialty Chemicals Co. (3 
parts by weight) were compounded to obtain a coating composition 7. 
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Comparative Example 2 

According to the same manner as Example 1 , 2.4-toajene dusocyanats (587.9g). pofytetramethyiene ether glycol 
having a number average molecular weight of 650 (580. 1g) and potynxypropylene glycol having a number average 
molecular weight of 400 (18&6q) were reacted. 

After adding 2-hydroxyethyt acrytate (470.3g), 2,6-dHert-butylhydroxytoluene (0.55g) as a polymerization tnhtoitor 
and 1 ,8<fiazabicydo{5A0]-7Hjndecene (055g) as a reaction catalyst to the thus obtained reaction mixture, the opera* 
forts were conducted as the same manner as Example 1 to obtain polyurethane acrytate ofigomer A-8. The ofigomer 
A-8 was a mixture of 60% by weight of a component having a number average molecular weight of 1.230. 25% by 
weight of a component having a number average molecular weight of 980 and 15% by weight of a component having a 
number average molecular weight of 406. 

Thus obtained oligomer A-8 (70 parts by weitfrt), isobomyi acrylate (20 parts by weight). N^inyJpymxTdone (10 
parts by weight) and a photopolymerization initiator, Irgacure 1700 manufactured by Cfoa Specialty Chemicals Co. (3 
parts by weight) were compounded to obtain a coating composition 8. 

Comparative Example 3 

According to the same manner as Example 1, 2,4-totuene dnsocyanate (618.4g), pofytetramethylene ether glycol 
having a number average molecular weight of 1.000 (532.5g) and trtoxypropytene glycol (238.6g) were reacted. After 
adding 2-hydrcKyethyt acrylate (420.0g). 2.6^^ert*utylhydrcxytDluene (0.54g) as a polymenzation inhibitor and 1.8- 
diazabicydo[5.4.0]-7-undecene (0.54g) as a reaction catalyst to the thus obtained reaction mixture, the operations were 
conducted as the same manner as Example 1 to obtain polyurethane acrytate ofigomer A-9. The oligomer A-9 was a 
mixture of 47% by weight of a component having a number average molecular weight of 1.580 and 53% by weight of a 
component having a number average molecular weight of 772. 

Thus obtained oligomer A-9 (70 parts by weight), isobornyt acrylate (20 parts by weight). N-vinytpyrroTidone (10 
parts by weight) and a ptotopoJymerizaliott initiator. Irgacure 1700 manufactured by Ctba Specialty Chemicals Co. (3 
parts by weight) were compounded to obtain a coating composition 9. 

Evaluation method 

1. Preparation of a cured coating film 

Cured coaling fOms were obtained by applying coating compositions 1-9. which had been obtained in aforemen- 
tioned Examples 1 -6 and Comparative Examples 1 -3, in a thictaiess of about 200 pm on glass boards and then irradi- 
ating ultraviolet rays by a metahalide lamp with an exposure of 500 mJ/cm2 and a wave length of 350 nm 4 

2. Measurement of elastic mudulus 

After leaving the films obtained in 1. for 24 hours in an atmosphere of 50% RH at 25°C. 2.5%-tensfle modulus 
(Young's modulus) was measured under the conditions of the bench mark width 40 mm and the tensile speed 1 
mm/minute. Viscoelasticrty was measured by viscoelastometer to calculate a ratio of storage modulus at 25°C to 60°C. 

3. Measurement of tensile elongation 

After leaving the films obtained in 1 . tor 24 hours in an atmosphere of 50% RH at 25°C. a tension test was con- 
ducted under the conditions of the bench mark width 40 mm and a tensile speed 20 mm/rrtin to measure a breaking 
elongation. 

The viscosity of the coatinag compositions obtained in the above-mentioned Examples and Comparative Examples 
and physical properties of cured materials thereof are shown in TABLE 1 . 
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Claims 

1 . A coating composition for an optica) ffoer which comprises: 

(A) a poryurethane (meth)aoryiate oGgomer which is obtainable by subjecting (a) a poiytsocyanate, (b) a polyol 
and (c) a (meth)acrytate monomer containing a hydroxy! group to a urethanation reaction; (B) an ethytenicaDy 
unsaturated compound; and (C) a photoporymerizatjon initiator, wherein said urethanation reaction is con- 
ducted under conditions that an equrvalen ratio of NCO group in (a) to OH group in (b) is more than 3.0. and 
that a ratio of a remaining equivalent of NCO group calculated by subtracting the equivalent of OH group in (b) 
from the equivalent of NCO group in (a) to an equivalent of OH group in (c) is within a range of 0.9 - 1 . 1 . 

2. The coating composition tor an optical fiber according to claim 1 . wherein, in (A), a proportion of the total amount 
of (d) a component with a number average molecular weight of 800 or less and (e) a component with a number 
average molecular weight of 1 ,000 or more to the total amount of (A) is 30% by weight or more, and a weight ratio 
of (d) to (e) is 30/70 - 70730. 

3. The coating composition for an optica) f ber according to claim 1 , wherein, in (A), a weight ratio of (d) to (e) is 51/49 
-70/30. 

4. The coating composition for an optical ffoer according to daim 1. wherein, in (A), a proportion of the total amount 
of (d) and (e) to the total amount of (A) is 40% by weight or more. 
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